Declines in pollinator diversity and abundance have been reported across different 23 regions, with implications for the reproductive success of plant species. However, 24 research has focused primarily on pairwise plant-pollinator interactions, largely 25 overlooking community-level dynamics. Yet species do not interact in isolation, they are 26 embedded within larger networks whose structure can affect pollinator functional roles 27 and, ultimately, the pollination services they deliver to plants. Here, we present one of the 28 first efforts linking pollinator visitation to plant reproduction from a community-wide 29 perspective using a well-replicated dataset encompassing 16 well-resolved plant-30 pollinator networks and data on reproductive success for 19 plant species from 31
Introduction 8
Our study was conducted in SW Spain within the area of influence of Doñana National 130 Park, i.e., within the limits of the Natural Space of Doñana as defined by the local 131 government (Junta de Andalucía, Fig. 1 ). All sites were located within similar elevations 132 (ranging from 50 to 150 m a.s.l.), similar habitat and soil types, and presented similar 133 plant composition (plant mean Sørensen beta-diversity among sites = 0.41), reducing 134 potential confounding factors. Here, we surveyed 16 Mediterranean woodland patches 135 with an average distance of 7 km between them (min= 3 km, max= 46.5 km). Each site 136 was surveyed 7 times during the flowering season of 2015 (from February to May) 137 following a 100-m x 2 m transect for 30 mins. Along each transect, we identified all plant 138 species and recorded all the floral visitors that landed on their flowers and touched the 139 plant´s reproductive parts during each 30-min period. Only floral visitors (from now on 140 referred to as pollinators) that could not be identified in the field were captured, stored 141 and identified in the laboratory by FPM and experts in the different taxonomic groups 142 (see acknowledgements). In addition, at each round we conducted 3 minutes of focal 143 observations recording all floral visitors observed on 3 plant individuals per species 144 belonging to the 19 most common (based on previous surveys) plant species across the 145 study area (mean ± SD: 6.25 േ 1.73 species per site). Furthermore, we included some 146 interactions between plant and pollinator individuals that were not observed during the 147 sampling but that were opportunistically recorded immediately before or after the 148 sampling periods, as some of these interactions are difficult to document and might be 149 important to define network structure (Jordano 2016 ). These opportunistic interactions 9 weather conditions, avoiding windy or rainy days. Surveys were done during mornings 152 and afternoons with the sampling order being established randomly. 153
Plant reproductive success 154
Within each site, we marked between 3 and 12 individuals (mean ± SD: 6.49 േ 2. 37, 155 Table S1 ), 156 depending on the availability and presence of flowers during the sampling events. For 157 each individual, at the end of the season, we recorded fruit set (i.e. the proportion of 158 flowers that set fruit), the average number of seeds per fruit and the average fruit and 159 seed weight per fruit (1-36 fruits subsampled; mean ± SD: 11.17 േ 6.85, Table S3 ). Our 160 survey included a total of 19 different plant species across our 16 sites. Plants species 161
were selected based on their availability, with sampling being focused on the most 162 abundant plant species. The values at the species level were then averaged per site to 163 calculate unique reproductive success measures at the site level. All plant species depend 164 on pollinators to maximize their reproduction (Table S4) . 165
Data analyses 166
In order to evaluate the completeness of our sampling of the pollinator and plant 167 community as well as that of their interactions, we estimated the asymptotic number of 168 In order to analyse how differences in network structure might affect plant 177 reproductive success, we constructed plant-pollinator interaction networks by pooling the 178 data for the 7 rounds of sampling. We thus obtained one interaction network per site, 179
representing the number of individuals of different pollinator species recorded visiting 180 each different plant species. For each network, we then proceeded to extract a series of 181 relevant network metrics at the species and site levels. 182
In addition, we checked for potential spatial autocorrelation in our data by means 183 of Mantel correlograms. Autocorrelation values were low for all variables included in our 184 analyses ( Figure S1 ) and hence we treat each site as independent in our analysis. 185
Species-level network analysis 186
At the species level, we focused on attributes defining the position of a focal plant species 187 within the larger community. As such, we considered two metrics providing 188 complementary non-redundant information: (i) average niche overlap in terms of 189 pollinators between a focal plant species and each of the other plant species in the 190 community, which estimates the potential indirect interactions between different plant 191 species through shared resources (in this case pollinators), and (ii) centrality, which 192 depicts the importance of the role played by a plant species within the larger community 193 (as resource for a large number of pollinator species) and its contribution to network Here, links between plant species represent shared pollinator species. 202
Site-level network analysis 203
At the site level, we followed the same logic as the one presented at the species level. 204 Thus, we also calculated two network metrics providing complementary non-redundant 205 information. In this case we focused on (i) nestedness and (ii) pollinator niche 206
complementarity. 207
Nestedness is the property by which specialists interact with a subset of the 208 species that generalists interact with . Although there is an 209 ongoing debate in the literature, some studies have found that nested networks are more 210 stable and resilient to perturbations because nestedness promotes a greater diversity by 211 minimizing competition among species in a community (Bastolla et al. 2009 ). However, 212 many network attributes vary with network size and complexity (Blüthgen et al. 2006 ). In 213 the case of nestedness, we know it can be affected by network size and connectance 214 (Song et al. 2017 ). An approach that is often used to correct for this, is to use null models 215 In order to evaluate whether adding information on network structure improves our 240 ability to explain differences in reproductive success -both at the species and the site 241 level -we used generalized linear (GLMs) and generalized linear mixed models 242 (GLMMs). In both cases (species and site-level models) we fit two types of models: (i) 243 model 1, that only included simple visitation metrics and (ii) model 2 that additionally 244 included information on network structure. These models are meant to be additive, so that 245 the network metrics included are intended to complement rather than substitute the 246 simple metrics traditionally used. At the site level, we upscaled our species-level analyses. As response variables we 259 had the average reproductive success per site (i.e., average fruit set analyzed using a 260 binomial distribution, average number of seeds per fruit and average fruit and seed 261 weight using a normal distribution). We thus had a single value per site and no random 1 4 effects are needed. In this case, model 1 included total pollinator richness and total 263 pollinator abundance (i.e. number of visits received by all plants within the community) 264 as explanatory variables. Model 2, in turn, added information on network structure by 265 including nestedness and pollinator niche complementarity as explanatory variables. 266 Average values of reproductive success at the site level can be driven to a large 267 extent by a single plant species. Yet, what will determine the persistence of a diverse 268 plant community, is the presence of some sort of "equity" or evenness in reproductive 269 success across the whole community. We therefore calculated a measure of equity in 270 reproductive success at the site level as the proportion of species with normalized 271 (between 0 and 1) average fruit set values that were above the 50 th percentile. As any 272 selected threshold is arbitrary, we repeated this using the 25 th and 75 th percentile 273 thresholds (Byrnes et al 2014). We then used the same framework as that used for species 274 and site-level analyses and fit the same models 1 and 2 GLMs but using equity in 275 reproductive success as the response variable and fitting a binomial distribution. 276
In all cases, we used variance inflation factors to check for collinearity between 277 explanatory variables. Additionally, we ran residual diagnostics to check if model 278 assumptions were met. Then, we used the Akaike Information Criterion (AIC) to 279 compare model performance and complexity. Whenever the difference between the AIC 280 of both models was < 2 ‫ܥܫܣ߂(‬ ൏ 2 ), we considered that both models were equally good 281 (Burnham et al. 2011 ). All predictor variables were standardized prior to analysis. For 282 every model we also calculate the R 2 value, using the approximation suggested for 1 5
Finally, we tested whether the importance of network structure in explaining 285 differences in equity in reproductive success within communities increases with the 286 number of plant species being considered. We expect that when only one plant species is 287 considered, then the importance of network structure will be negligible, while we expect 288 this importance to increase as more plant species are considered (up to a maximum 289 number of 6 species which is the maximum we have measured in our study at a particular 290 site). 291
To test this, we ran a simple simulation in which the number of species 292 considered increased at each step and for each step we re-calculated equity in 293 reproductive success. Instead of drawing plant species randomly for each step, we tested 294 all possible combinations for each plant number level and network, as the number of 295 combinations is small (e.g. for n = 3 plant selected out of 6 there is only 20 possible 296 combinations). Then, we tested if the relationship between equity in reproductive success 297 and functional complementarity (given its importance in determining differences in 298 reproductive success, see Results section) changes as a function of the number of plants 299 considered within our simulated communities. To this end, for each level of species 300 number considered, we randomly selected one of the generated equity values across each 301 of the 16 communities and regressed these 16 values against our network level predictor 302 and extracted the model slope estimates. We repeated this process 1,000 times and 303 averaged all slope estimates. We expect that the more plants considered, the larger the 304 resulting average estimates will be. Note that we only interpret the mean effects, as the 305 variance among different plant number of species considered depends on the initial 306 number of possible combinations.
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Results 308
Within our sampling we recorded 1,472 plant-pollinator interactions involving 277 309 pollinator species and 57 plant species. Within the pollinator community the distribution 310 of individuals in different orders was: 87.84% Hymenoptera, 6.78% Diptera, 4.05% 311
Coleoptera and 1.09% Lepidoptera. 312
Our sampling completeness analyses revealed that with our survey we were able 313 to capture 18-62% of pollinator species (average = 35%), 47-98% for plant species 314 (average = 78%) and 13-41% for plant-pollinator links (average = 27%), in line with that 315 obtained with other studies (e.g., Chacoff et al. 2012 , Fig. S2 ). Our values of sampling 316 completeness are slightly smaller in the case of pollinators, probably as a consequence of 317 the great diversity found in the Mediterranean region and within our study area in 318 particular, a hotspot of insect diversity (Nieto et al. 2014 ). In addition, the fact that we 319 include an extra effort to capture rare interactions observed outside of our main sampling 320 might also increase the number of singletons which directly affect richness estimates. 321
Species-level analyses 322
At the species level, in the case of fruit set, our results show that model 2 shows the best 323 fit to our data (lowest AIC value), and fixed effects explains 4% of the variability 324 observed. In this case, we find a positive effect of a network structure metric, the 325 centrality of a focal plant within the overall network on its fruit set (Table 1 , Fig. 2A) . 326
For the average number of seeds per fruit, our results show again that model 2 327
shows the best fit, with fixed effects explaining 4% of the variability observed in our 1 7
data. In this case, we find a positive effect of the niche overlap between plant species on 329 the number of seeds produced (Table 1B , Fig. 2B ). 330
For all other measures of reproductive success considered (i.e., fruit and seed 331 weight), both models had similar fits, with ΔAIC = 2.2 and 2 respectively. However, 332 none of the variables included within our model explain the differences observed (Tables  333   S5-S6) . 334
Site-level analyses 335
At the site level, we find different patterns for fruit set and the number of seeds per fruit 336 as compared to those for fruit and seed weight. In the case of fruit set and the number of 337 seeds per fruit, we find that both model 1 and 2 are equally good in describing the 338 differences observed when penalizing for model complexity ‫ܥܫܣ߂,.‪(i.e‬‬ actually shows a substantially better predictive ability than model 1 (R 2 = 0.59 for model 341 2 versus 0.47 for model 1 in the case of fruit set and R 2 = 0.52 for model 2 versus 0.31 342 for model 1 in the case of the number of seeds per fruit) and therefore we will comment 343 results for this model only. In particular, we find that both fruit set and the number of 344 seeds per fruit are positively related to niche complementarity between pollinators (Table  345 2, Fig. 3 ). Additionally, we find a negative effect of site-level pollinator richness on 346 average fruit set (Table 2A , Fig. 3 ). 347
Contrastingly, in the case of weight variables (fruit and seed weight), in both 348 cases we find that the best model is model 1, i.e., that only including simple visitation 349 metrics (R 2 = 0.29 in the case of fruit weight and 0.51 in the case of seed weight). Here, 1 8 we find a consistent positive effect of site-level pollinator richness for both weight 351 descriptors (Tables S7-S8 , Fig. 4 ). 352
Equity in fruitset 353
When evaluating the effect of differences in community composition and network 354 structure for equity in reproductive success across the different species within a 355 community we find that model 1 is the best model for all the thresholds considered (50 th , 356 25 th and 75 th percentiles). However, none of the variables considered are able to explain 357 differences observed in equity across sites (Tables S9, S10, S11). 358
Within our simulation evaluating the effect of niche complementarity on equity in 359
reproductive success as more plants within the community are considered, we find that 360 the effect of complementarity becomes more important as the reproductive success of 361 more species is considered (Fig. 5 ). This importance seems to reach some sort of plateau 362 at 6 species. However, this should be further evaluated, as this is the maximum number of 363 species simultaneously observed in a community for our study, which precludes us from 364 simulating further numbers of species. 365
Discussion 366
The existence of relationships between interaction network structure and ecosystem 367 function have been long hypothesized, yet, the specific mechanisms by which structure 368 influences function have remained elusive until now (Thompson et al. 2012) . Our results 369
show that different aspects of network structure affect different dimensions of ecosystem 370 functioning. In particular, we find that the centrality of a plant species within a 371 community, which measures the number of connections it receives from other species in 1 9
the community, has a positive effect for its fruit set. At the site level, we find that greater 373 values of niche complementarity between pollinators result in larger average fruit sets 374 and number of seeds per fruit. 375
One of the first conclusions we can extract from the fact that in most cases both of 376 the models we considered (i.e., the simple model based on visitation metrics and the more 377 complex one including network structure metrics) were equally good, is that the added 378 complexity of measuring the full network of interactions may not pay off for rapid 379 assessments. Hence, simple visitation metrics, such as pollinator richness, might be 380 enough to describe general patterns (Garibaldi et al. 2013 (Garibaldi et al. , 2015 . Yet, adding network 381 level information may inform us of the potential ecological mechanisms underlying the 382 processes driving the observed patterns. equitability in reproductive success across species is seldom taken into account, despite 418 its importance in maintaining genetic diversity and ensuring the resilience of populations 419 to further change. 420
In the case of equity, we did not find a strong effect of either simple visitation or 421 network structure metrics. However, the results of our simulation on the importance of 422 network structure as the number of plant species considered increases, shows us that this 423 effect increases when more than four plant species are considered. This implies that if we 424 were able to measure reproductive success for all the plant species in all the communities 425 (which is not feasible given constraints in sampling effort), we might find that the effects 426 of network structure on equity might be more prevalent. 427
One of the unexpected results of our analyses is the strong negative effect of 428 pollinator richness for fruit set at the site level. An explanation to this might be the fact 429 that pollinator richness here includes all the pollinators recorded during our sampling 430 efforts, i.e., it includes species that do not pollinate some of the species whose 431 reproductive success was measured. More complex communities with more pollinators, 432 but also with more plant species (Pearson correlation between plant and pollinator 433 richness = 0.42 in our case) may require stabilizing mechanisms that reduce the 434 competition exerted by the dominant plant species. A way to reduce the competition 435 exerted by these dominant species, which are precisely those evaluated in this study, is by 436 community on full plant species coexistence, which may be determined by density-related to pollinator richness, it is important to note that fruit and seed weight show the 441 opposite relationship, indicating that this density-dependent effect might only be limiting 442 fruit quantity and not fruit quality. Thus, taking into account the densities of co-flowering 443 plant species may be the next step (Vanbergen et al. 2014) . 444
Our study illustrates the complexity of linking network structure to ecosystem 445 function empirically, because measuring both structure and function is challenging. For 446 example, there is an ongoing debate as to which network metrics better reflect classic 447 ecological mechanisms, such as niche partitioning or competition (Delmas et al 2018). 448
Here, we focus on testing two specific hypotheses, but other structural properties can be 449 explored when more data becomes available. Furthermore, the structure of plant-450 pollinators networks is dynamic due to ecological and evolutionary reasons, but so far, 451 we are only able to characterize it for single snap-shots. Moreover, different aspects of 452 functioning may be important, such as the presence of non-linear relationships or the 453 need to consider the functioning of both trophic levels . In terms of 454 plant reproductive success and the functions performed by pollinators we can measure 455 different aspects, ranging from pollen deposition (the direct pollinator function), to its 456 final effects on plant fitness. Here, we focus on an intermediate stage including fruit 457 quantity and quality, which is of clear ecological importance. 458
In summary, our findings show that the analysis of natural communities of 459 interacting species using network analysis not only represents an ideal way of visualizing 460 and grasping the complexity present within these communities. Rather, it also represents 
